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The publication presents the prognostic methodology used in forecasting of quantity of steel production. On the 
basis of empirical data (yearly steel production) from period 2000 - 2017, forecasts of steel production for Poland 
until 2022 were estimated. The prognostic methodology in the first step consisted in: determining separate fore-
casts for: steel production in total and BOF steel and EAF steel. In the second step the equations were used: total 
steel production – (minus) BOF steel = (is) EAF steel and  total steel production – (minus) EAF steel = (is) BOF steel. 
The forecasting methodology adopted was possible because the sum of BOF and EAF processes is the total produc-
tion (100 %) in the steel sector in Poland.  
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INTRODUCTION
Forecasting production volume is a component of 
the production strategy [1]. Forecasts inform about the 
production volume. Steel production since 2002 in Po-
land is carried out using two technologies: BOF - Basic 
Oxygen Furnace and EAF - Electric Arc Furnace. Total 
steel production is the sum of BOF steel and EAF steel. 
The publication presents forecasts of steel production 
calculated on the basis of statistical methods with using 
such mathematical equation: Total steel  produc-
tion =  BOF steel + EAF steel. Basic models for fore-
casting steel production in Poland based on time series 
were used: historical data on steel production in Poland 
in 2000 - 2017. 
EMPIRICAL DATA FOR PROGNOSTIC 
METHODOLOGY
Empirical data is steel production in Poland in 
2000 - 2017 (annual production volume in million 
tonnes - Mt). Based on the evaluation of the distribution 
of empirical points (Figure 1) corresponding to the ob-
served value of the time series, forecasting methods for 
simple linear and nonlinear trends were discarded. 
There was also no development trend with the trend 
growing or with a declining trend, the empirical values 
oscillate around the average annual production of steel, 
which in the period under study was 9,07 million tonnes. 
The average annual share of converter steel in the aver-
age annual steel production in the analyzed period in 
Poland was 58,4 %, and electrical steel 41,6 % [2].
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USED PROGNOSTIC METHODS
Taking into account the course of the trend (Figure 
1), such basic prognostic methods have been used to 
develop the predictions [3, 4]: additive naïve method, 
multiplicative naïve method, simple moving average 
for time series with different value of k-points (k = 2 or 
k = 3), weighted moving average for time series with 
different value of k-points (k = 2 or k = 3) and different 
weights (wi), simple exponential smoothing Brown’s 
model for different start points yt and simple single ex-
ponential smoothing (Brown’s model), exponential au-
toregressive model for different value of k-points and 
different value of l-points, Brown’s double exponential 
smoothing (linear) and Brown’s triple exponential 
smoothing (quadratic), Holt’s linear trend model with 
additive trend for different start points (S1),  Holt’s lin-
ear trend model with multiplicative trend for different 
start points, Holt’s linear trend model with additive 
damped trend for different start points, Holt’s linear 
trend model with multiplicative damped trend for dif-
Figure  1 Steel production in Poland in 2000 - 2017 [2]
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ferent start points, Holt’s quadratic trend model with ad-
ditive formula for different start points, advanced expo-
nential autoregressive models, autoregressive models 
(AR) creeping trend method - prediction using the har-
monic scales method.
FORECASTS OF STEEL PRODUCTION
At this stage of forecasting the volume of steel pro-
duction for Poland, the methodology was used to build 
separate forecasts for: total steel production, BOF steel 
and EAF steel. The distribution of obtained forecasts is 
shown in Figure 2.
Research results:
1 Forecasted steel production for Poland is around 10 
million tonnes per year (optimistic scenario is cre-
ated by forecasts with annual steel production ex-
ceeding 10 million tonnes).
2 Forecasted steel production using BOF technology 
is higher than the forecasted steel production using 
EAF technology (compliance with the distribution 
of individual technologies in steel production in Po-
land, in 2000 - 2017 BOF steel share in total produc-
tion was 58 %).
3 The forecasted trends for steel production for Poland 
are growing. Until 2022 (the adopted forecast time 
limit), it is possible to assume an increase in steel 
production in Poland.
METHODOLOGY: TOTAL STEEL PRODUCTION 
= BOF STEEL + EAF STEEL
Based on the obtained forecasts, two variants of 
their verification were used: 
1 Forecasts of total steel production – (minus) fore-
casts of BOF steel = (is) EAF steel
2  Forecasts of total steel production – (minus) fore-
casts of EAF steel = (is) BOF steel.
The use of the above form of determining the produc-
tion volume (quantity) was possible because both pro-
ductions: BOF steel and EAF steel constitute the total 
production of the steel sector in Poland. Variant No. 1 
consisted in building forecasts for total steel production 
and production in converters (BOF) and estimating the 
forecast for the production of steel produced in arc fur-
naces (EAF). Variant No. 2 consisted in building fore-
casts for total steel and EAF steel production and estimat-
ing forecasts for the production of steel produced by BOF 
technology. The forecasting methodology adopted by 
B. Gajdzik [5, 6] is innovative, and its application ena-
bles multi-variant forecasting, while meeting the as-
sumption that the total production is carried out using 
two key production technologies, whose sub-productions 
constitute combined production (100 %). 
The situation referred to in this publication occurs in 
many countries around the world. According to the data 
of the World Steel Association [7], steel manufacturing 
technologies: BOF and EAF are among the key on the 
global steel market. In 2017 the share of steel produced 
in converters accounted for almost 75 % on a global 
scale, and in the EAF processes around 25 %. The share 
of steel produced in the open hearth furnace is small at 
0,4 % [8]. The share of open hearth furnace  in total 
steel production in Poland in 2000 - 2002 was insignifi-
cant and amounted respectively to 0,4 %, 0,25 % and 
0,09 % (nowadays in Poland and UR this technology is 
not used).
More information about steel production in the world, 
Europe and Poland in Table 1. The forecasting methodol-
ogy presented by the main author can be implemented by 
the steel industry in countries where two technologies are 
used: BOF and EAF. The use of several variants of pro-
duction forecasting allows to increase the reliability of 
forecasts and broadens the scope of creating possible pro-
duction scenarios for the steel industry.
Table 1  Steel production according to used technologies in 
2000 – 2017/% [7]
World Europe (UE) Poland
Year BOF EAF BOF EAF BOF EAF
2000 61,7 33,9 62,4 37,1 64,7 31,3
2001 62,3 33,6 61,3 38,4 66,1 31,9
2002 62,5 33,8 62,0 37,7 69,3 30,7
2003 63,1 33,5 62,2 37,5 66,6 33,4
2004 63,5 33,3 61,4 38,2 64,8 35,2
2005 65,3 31,9 61,3 38,4 58,7 41,3
2006 65,7 31,7 59,6 40,1 57,7 42,3
2007 66,7 30,9 59,5 40,1 58,3 41,7
2008 67,0 30,8 58,3 41,4 53,7 46,3
2009 70,7 28,0 55,9 43,6 45,4 54,6
2010 69,4 29,5 58,5 41,1 49,9 50,1
2011 69,4 29,6 57,4 42,6 50,4 49,6
2012 70,5 28,8 58,2 41,8 50,6 49,4
2013 73,4 26,0 60,2 39,8 55,3 44,7
2014 73,7 25,8 61,1 38,9 59,2 40,8
2015 75,3 24,3 61,1 38,9 57,8 42,2
2016 74,3 25,2 60,7 39,3 57,0 43,0
2017 73,7 25,8 60,5 39,5 55,3 44,8
Figure 2  Forecasts of steel production for Poland in 
2018 - 2022
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PRESENTATION OF AN EXAMPLE 
PROGNOSTIC MODEL
This publication presents the methodology of fore-
casting using the crawling trend method and forecasting 
using the harmonic weight method. The model was cho-
sen because of the low error value of ex-post forecasts 
(Figure 3).
Based on the obtained results (Tables 2, 3), it can be 
concluded that there are no significant deviations of 
forecasts obtained using basic statistical models (Ta-
ble 2) from estimated values, when combined produc-
tion is the sum of steel production using two base tech-
nologies: BOF and EAF (Table 3). Instruction for Table 
3: for BOF steel (value in column 3): subtracted from 
the value in column 1 (minus) values in column 2, for 
EAF steel (value in column 6): from the value in col-
umn 4 subtracted (minus) values in column 5 [5]. 
BOF and EAF technologies belong to the basic ones 
in the smelters and will be used in the near future. New 
generation technologies called unconventional technol-
ogies, eg steel production in electrolytic processes of 
iron reduction, using energy from sources that do not 
emit carbon dioxide are technologies of little impor-
tance (by 2050, the share of unconventional processes 
in steel production will be small, at around 3 %) [9].
Comparing the obtained forecasts of steel produc-
tion in 2018 from Tables 2-3 with real steel production 
in Poland in 2018, it was 10,2 million tonnes, it can be 
stated that the forecasts are higher by 5,4 % (within the 
limits of the statistical error).
LIFE CYCLE OF TECHNOLOGY IN STEEL 
INDUSTRY
Life cycle of technology in steel industry is connected 
with technological innovation [10]. Taking into account 
the division of technology according to the criterion of its 
importance for the development of the (little) steel sector, 
it is possible to present the further development of BOF 
and EAF technologies in the steel industry (Figure 4). 
Taking into account the development of Industry 4,0 [11] 
Table 2  Steel production in Poland in 2000 - 2017 and forecasts of steel production according to used technologies until 
2022 by using of method of creeping trend prediction with the harmonic scales method (k = 4)/Mt [3]
No. Year Total steel 
production 
Forecast of total 
steel production 
BOF steel Forecast of BOF 
steel 
EAF steel Forecast of EAF 
steel 
No. column 1 2 3 4 5 6
1 2000 10,498 9,888 6,800 6,455 3,285 3,072
2 2001 8,809 8,867 5,823 5,932 2,809 2,762
3 2002 8,367 8,923 5,799 6,058 2,561 2,812
4 2003 9,107 9,123 6,070 6,107 3,037 3,026
5 2004 10,578 9,596 6,858 6,147 3,721 3,458
6 2005 8,336 9,393 4,893 5,665 3,443 3,729
7 2006 9,992 9,941 5,766 5,795 4,225 4,146
8 2007 10,631 10,090 6,198 5,711 4,433 4,379
9 2008 9,727 9,347 5,225 4,993 4,502 4,354
10 2009 7,128 8,048 3,236 3,954 3,893 4,093
11 2010 7,993 7,947 3,995 3,855 3,998 4,093
12 2011 8,776 8,313 4,424 4,134 4,353 4,181
13 2012 8,348 8,367 4,227 4,376 4,132 4,011
14 2013 7,950 8,251 4,399 4,548 3,551 3,670
15 2014 8,558 8,479 5,067 4,893 3,491 3,572
16 2015 9,202 8,958 5,323 5,144 3,879 3,820
17 2016 9,000 9,388 5,110 5,387 3,890 4,142
18 2017 10,330 10,040 5,706 5,557 4,624 4,482
19 2018   10,549   5,800   4,743
20 2019   10,768   5,893   4,863
21 2020   10,987   5,987   4,982
22 2021   11,206   6,080   5,102
23 2022   11,424   6,174   5,221
Figure 3  Forecasts of steel production for Poland in 2018 - 2022 
by using of method of  creeping trend prediction with 
the harmonic scales method (k = 4) [5]
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in the steel industry [12,13], the development of forecasts 
for steel production broken down by applied technolo-
gies is particularly important for planning changes at the 
level of operational management in enterprises  [14, 15].
CONCLUSION
The methodology of making steel production fore-
casts using a number of statistical methods and verifica-
tion of obtained forecasts using the equation: Total pro-
duction = BOF steel + EAF steel 
gives a wide picture of the scope of changes in the 
forecasted phenomenon, which allows accurate verifi-
cation of the obtained forecasts. The proposed method-
ology for forecasting steel production using two BOF 
and EAF technologies is used by Gajdzik for scientific 
and research purposes [5, 6]. In the Polish steel indus-
try, BF + BOF (converters) and EAF (electric process). 
Production of BOF steel and EAF steel create all (or 
almost all) steel production. In the EU countries, all 
steel production is the sum of the production volume 
produced in two processes: BOF and EAF. In the world, 
both BOF and EAF technology are key technologies for 
steel production and no radical changes in steel produc-
tion processes are expected in the coming years.
Acknowledgment
The methodology was prepared by B. Gajdzik in re-
alization of project 11/010/RGH16/0011 from Silesian 
University of Technology.
REFERENCES
[1] B. Gajdzik, R. Gawlik, S. Skoczypiec: Forecasting-Scena-
rio-Heuristic method proposal for assessment of feasibility 
of steel production scenarios in Poland – Managerial im-
plications for production engineering, Archives of Civil 
and Mechanical Engineering (2018) 18, 1651 - 1660.
[2] Polish steel industry. Reports of Steel Association in Po-
land, Katowice, 2002 - 2018.
[3] W.H. Green:  Econometric Analysis. 5 ed. Upper Saddle 
River, NJ, Prentice Hall, 2003.
[4] A. Snarska: Statistics, Econometrics, Prognosis. Placet, 
2005 (in Polish: Statystyka, ekonometria, prognozy).
[5] B. Gajdzik: Models of production function for the steel in-
dustry after restructuring process with forecasts and scena-
rios of changes in volume of steel production. The Silesian 
University of Technology, Gliwice, 2018 (in the Mono-
graph the author presented used methodology for forecasts 
until 2020).
[6] B. Gajdzik: Prognostic modeling of total steel production 
and according to production technology in Poland, Meta-
lurgija 56 (2017) 1-2, 241 - 244.
[7] Steel Statistical Yearbooks. Reports of World Steel Asso-
ciation, 2000 - 2018: https://www.worldsteel.org
[8] Steel Statistical Yearbook 2017, World Steel Association, 
Table 6, p. 15.
[9] J.P. Birat: Innovation paradigms for the steel industry of 
the 21st Century – Future directions for steel industry and 
continuous casting. La Revue de Metallurgie – CIT, 
99 (2002) 11, 957.
[10] J. Markard: The life cycle of technological innovation sy-
stems. Technological Forecasting and Social Change. El-
sevier. Available online 27 July 2018.
[11] K. Schwab: The Fourth Industrial Revolution, The World 
Economic Forum, Cologny 2016.
[12] Ch. Neef, S. Hirzel, M. Arens: Industry 4.0 in the Europe-
an Iron and Steel Industry: Towards an Overview of Imple-
mentations and Perspectives. Working document. Fraunho-
fer Institute for Systems and Innovation Research ISI. 
Karlsruhe, 05.10.2018
[13] H. Peters : Digitalisation in Steel Industry, current situa-
tion and future trends SPIRE, Workshop: Towards Industry 
4.0: Digital Technologies in Process Industry, Brussels, 
01.10.2018.
[14] A.D. Little: Stratégie et technologie, ADL, European Man-
agement Forum, Davos 1981.
[15] W. J. Stevenson: Operations Management. 8 ed. McGraw-
Hill Irwin, Boston, 2005.
Note:  The responsible for English language J. Jamrozek, Poland.
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Forecast of total 
steel production 




No. column 1 2 3 4 5 6
1 2018 10,549 5,800 4,749 10,549 4,743 5,806
2 2019 10,768 5,893 4,875 10,768 4,863 5,905
3 2020 10,987 5,987 5,000 10,987 4,982 6,005
4 2021 11,206 6,080 5,125 11,206 5,102 6,104
5 2022 11,424 6,174 5,251 11,424 5,221 6,203
Figure 4  Life cycle of technology for steel industry according 
to analyzed forecasts of steel production
